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(54) Lens driving apparatus for disk piayer 

(57) In the lens driving apparatus of a disk player, a 
pair of magnets 20 for generating magnetic fields are 
fixed to a pair of yokes 21, respectively to generate a 
magnetic gap therebetween. The pair of yokes 21 are 
oppositely arranged on and fixed to a plate-like actuator 
base 10 by plural screws 12 through a fixing member 
1 1. A movable portion 50 is movably hung by four sup- 



porting wires 32(or plate screws) on a supporting base 
31 that is fixed to the actuator base 10. The movable 
portion 51 is arranged within the above magnetic gap. In 
such a configuration, the apparatus for a disk player can 
shift a natural resonance frequency to a high frequency 
and can be operated at a high speed. 
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Description 

BACKGOUND OF THE INVEhfriON 

1 . Field of the Invention 5 

[0001] The present invention relates to a lens driv- 
ing apparatus for a disk player, and more particularly to 
a structure of a movable portion of the lens driving 
apparatus. 

2. Description of the Related Art 

[0002] A disk player reads information recorded on 
a disk using laser light to read/write a signal optically. 
The lens driving apparatus drives for such a disk player 
drives an objective lens while focus control and tracking 
control are executed in accordance with the driving sig- 
nals supplied to driving coils consisting of a focus coil 
and tracking coil wound on a holder provided with the 
objective lens. 

[0003] The lens driving apparatus generally has 
respective natural resonance frequencies in the focus 
control and tracking control. These natural frequencies 
depend on physical resonance fomied by e.g. size or 
mass of the holder. When the lens driving apparatus is 
driven in the vicinity of the natural resonance frequen- 
cies, harmful oscillation is given to the objective lens. An 
existing lens driving apparatus has a frequency shown 
in Fig. 12. In Fig. 12, the abscissa denotes a frequency 
and the ordinate denotes a gain and a phase. The 
amplitude characteristic illustrated in dotted line in Fig. 
12 provides a gain that decreases substantially lineariy 
with an increase in the frequency except a resonance 
point in a lower frequency region. The phase character- 
istic illustrated in solid line is substantially constant until 
the vicinity of 1 0 KHz with an increase in the frequency. 
[0004] However, at a further higher frequency, 
because of the natural resonance of the lens driving 
apparatus, the phase characteristic abruptly changes in 
the vicinity of the natural resonance frequency (e.g. 20 
kHz) as shown In Fig. 12. When the phase lag reaches 
1 80 °, the control servo system becomes unstable. 
[0005] Therefore, the lens driving apparatus is 
designed so that each higher mode resonance is out of 
each servo band in view of the natural resonance fre- 
quency of each control system. Namely, by designing 
the servo band necessary for actual servo control at an 
upper limit of e.g. 2 kHz - 5 kHz. the control system is 
made unaffected by the phase shift in the vicinity of the 
natural resonance frequency. 
[0006] In recent years, the disk player Is operated at 
a high rotating speed of a disk that is twice or fourth 
times of the standard rotating speed of the disk. There- 
fore, there is necessity of the read or write of a signal at 
a high speed by the lens driving apparatus for the disk 
player. 

[0007] The signal read/write at the high speed 



enlarges each of the servo bands for the respective con- 
trol systems so that they must be extended to a higher 
frequency band. However, as described above, the 
presence of the natural resonance frequency in the 
vicinity of 20 kHz makes it difficult to assure the margin 
for the each servo band and higher mode resonance, 
and hence makes each servo control system unstable. 

SUMMARY OF THE INVENTION 

[0008] An object of the invention is to provide a lens 
driving apparatus for a disk player which can be oper- 
ated at a natural resonance frequency shifted to a high 
frequency for high speed read/write. 
[0009] In order to attain the above object, in accord- 
ance with an aspect of the invention, there is provide a 
lens driving apparatus for a disk player for movably sup- 
porting a holder with an objective lens and a driving coil, 
wherein the holder comprises an upper wall on which 
the objective lens is fixed; and a pair of side walls which 
are integral to the upper wall and aligned apart from 
each other in a direction of tracking, and the driving coil 
is wound on each of side edges of the pair of side walls 
of the holder. 

[0010] In accordance with another aspect of the 
invention, there is provided a lens driving apparatus for 
a disk player for movably supporting a holder with an 
objective lens and a driving coil In directions of focusing 
and tracking, wherein the holder comprises an upper 
wall on which the objective lens is fixed; and a pair of 
side walls which are integral to the upper wall and 
aligned apart from each other in a direction of tracking, 
and the driving coil is a plate-like printed coil which gen- 
erates driving force in the directions of focusing and 
tracking and has a coil surface in parallel to each of side 
edges of the pair of side walls of the holder in both direc- 
tions of tracking and focusing. 
[001 1] In accordance with still another aspect of the 
invention, there is provided a lens driving apparatus for 
a disk player for movably supporting a holder with an 
objective lens and a driving coil in directions of focusing 
and tracking, wherein the holder comprises an upper 
wall on which the objective lens is fixed, a pair of side 
walls which are integral to the upper wall and aligned 
apart from each other in a direction of tracking, and a 
pair of arms aligned apart from each otiner in a direction 
of focusing and protruding from the holder in a direction 
of tracking; and the driving coil is composed of a focus 
coil wound on the pair of side walls and a tracking coil 
wound on the pair of arms. 

[0012] In accordance with the invention, since the 
left/right side plates are removed from the holder consti- 
tuting a movable portion, Uie weight and size of the 
holder are decreased. This permits the natural reso- 
nance frequency to be shifted to a high frequency and 
lens driving apparatus to make a stabilized operation at 
a high speed. 

[0013] The holder can be reinforced by using a 
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plate-like printed coil as the driving coil. 
[0014] The above and other objects and features of 
the invention will be more apparent from the following 
description taken In conjunction with the accompanying 
drawings. 5 

BREIF DESRIPTION OF THE DRAWINGS 

[0015] 

10 

Figs. 1A and 1B are views showing the structure of 
a lens driving apparatus for a disk player according 
to a first embodiment of the invention, respectively; 
Figs. 2A to 2C are conceptual views for explaining 
the holder according to the first embodiment; is 
Figs. 3A to 3c are views of the structure of the 
holder used in the lens driving apparatus according 
to the first embodiment; 

Figs. 4A to 4C are appearance views of the mova- 
ble portion used in the (ens driving apparatus 20 
according to the first emlx>dlment; 
Figs. 5A to 5C are views for explaining the opera- 
tion of the lens driving apparatus according to the 
first embodiment; 

Figs. 6A and 6B are views showing the structure of 25 
a lens driving apparatus for a disk player according 
to a second embodiment of the invention, respec- 
tively; 

Figs. 7A to 7C are conceptual views for explaining 
the holder according to the second embodiment; 30 
Figs. 8A and 88 are views of the structure of a 
plate-like printed coil constituting the movable por- 
tion used in the lens driving apparatus according to 
the second embodiment; 

Fig. 9 is a view of the movable portion used in the 35 
iens driving apparatus according to the second 
embodiment; 

Figs. 10A to 10C are views for explaining the oper- 
ation of the movable portion of the lens driving 
apparatus according to the second embodiment; 40 
Fig. 11 is a graph showing the electric characteristic 
of the lens driving apparatus for a disk player 
according to the present invention; and 
Fig. 12 is a graph showing the electric characteristic 
of the lens driving apparatus for a disk player 45 
according to a prior art. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

so 

[0016] Figs. 1A and IB are a plan view and a side 
view of a lens driving apparatus for a disk player accord- 
ing to an embodiment of the invention, respectively. 
Refemng to Figs. 1A and IB, an explanation will be 
given of the structure of a lens driving apparatus ss 
according to an embodiment of ttie invention. 
[001 7] In the lens driving apparatus for a disk player 
according to the invention, as seen from these figures, a 



pair of magnets 20 for generating magnetic fields are 
fixed to a pair of yokes 21, respectively to generate a 
magnetic gap therebetween. The pair of yokes 21 are 
oppositely anBnged on and fixed to a plate-like actuator 
base 10 by plural screws 12 through fixing members 11. 
A movable portion 50 is movably hung by four support- 
ing wires 32 (or plate screws) on a supporting bases 31 
that are fixed to the actuator base 10. The movable por- 
tion 51 is an^nged within the above magnetic gap. 
[0018] Each yoke 21 includes auxiliary yokes 21a 
which are formed by bending both ends of tiie yoke 21 
in a 3 shape. Each of the magnets 20 is fixed to the 
inside of the yoke 21 surrounded by the auxiliary yokes 
using adhesive. The magnets an^nged in the manner 
described above generate different magnetic fields for a 
focus coil 44 and tracking coil 45, respectively. The 
details will be described later. 
[0019] The movable portion 50 is hung movably 
three-dimensionally by the four supporting wires 32 
made of conductive elastic member. The one end of the 
supporting wire 32 is rolled and extended to form an 
extending portion 32a by means of which a portion of 
the supporting wire 32 is molded by "outsert molding" 
when the supporting base 31 is molded. Likewise, the 
other end of the supporting wire 32 is rolled and 
extended to form a connecting portion 32b which is 
fixed by adhesive to each of four protrusions 42b, 43b 
formed to protrude from both sides of a holder 40 
described later. 

[0020] The movable portion 50 is structured so that 
a fDCus coil 44 and a tracking coil 45 are wound on the 
holder 40 incorporating an objective lens 48. The termi- 
nals of the focus coil 44 and tracking coll 45 are con- 
nected to the connecting portions 32b of the supporting 
wires 32 by solder. 

[0021] On tiie other hand, the extending potion 32a 
of the supporting wire 32 is connected to a Litz wire (not 
shown) through which a driving current is externally 
supplied to ttie tracking coll 45 or focus coll 44. The 
movable portion 50 can be freely moved in directions of 
tracking (arrow T) and focusing (arrow F) witiiin the 
magnetic gap in accordance witii the driving current 
supplied to the tracking coil 45 or focus coil 44 through 
the supporting wire 32. 

[0022] The lens driving apparatus 100 according to 
an embodiment of tiie invention is characterized by the 
stiucture of the holder 40 constituting the movable por- 
tion 50. Referring to Figs.2 to 4, an explanation will be 
given of the structure of the holder 40. Figs. 2A to 2C 
are conceptual views for explaining tiie holder accord- 
ing to tiie first embodiment. Figs. 3A to 3C are views of 
the structure of the holder 40 used in the lens driving 
apparatus 100. Figs. 4A to 40 are appearance views of 
tiie movable portion 50 in which the focus coil 44 and 
tracking coll 45 are wound. 

[0023] The holder 40 has a square shape devoid of 
left and right side plates in a direction of jitter (an-ow J). 
The holder 40 is composed of an upper wall 42 having 
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an opening 41 that constitutes a light path of an objec- 
tive lens (not shown) and a pair of side walls 43 having 
four protrusions 42a, 43a aligned apart from one 
another in a direction of tracking (arrow T). 
[0024] The holder 40 is designed to realize its small 5 
size and light weight in a manner that the left and right 
side plates (shaded portions (a) and (b))aligned in the 
direction of jitter are removed from a conventional box- 
shaped holder as shown in Fig. 2C. 
[0025] By removing the left and right side plates of io 
the holder 40. the natural resonance frequency in the 
direction of jitter of the holder 40 can be enhanced. As 
well known, the natural resonance frequency of the 
structure (or natural frequency) can be expressed by 

IS 

f=1/2jt(k/m)^'^ (1) 

where m denotes mass of the structure and k denotes a 
spring constant. 

The spring constant k can be expressed by 20 

k = 48EI/L^ (2) 

where E denotes a longitudinal elastic coefficient, I 
denotes 25 
a secondary moment that is a constant determined by 
the material of the structure, and L denotes a length of 
the structure. 

[0026] As understood from Equation (1 ), the natural 
resonance frequency (f) is inversely proportional to the 30 
1/2-th power of the mass (m) of the structure. Therefore, 
by removing the left and right side plates, the mass of 
the holder 40 is reduced so that its natural resonance 
frequency In the direction of jitter can be enhanced. 
[0027] Further, as understood from Equation (2), 35 
the spring constant (k) of the structure is inversely pro- 
portional to the third power of the length (L) (in the direc- 
tion of jitter) of the structure. Thus, by the removing the 
left and right side plates, the length in the direction of jit- 
ter is shortened so that the natural resonance frequency 40 
in the direction of jitter can be enhanced. As a result, the 
natural resonance frequency in the direction of Jitter 
which is defined by the mass and size of the holder 40 
can be shifted to a very high frequency region as com- 
pared with the conventional structure. 45 
Incidentally, where the upper wall 42 is warped because 
of removal of the side plates, as the occasion demands, 
a reinforcement plate 47 having an opening 46 as 
shown in Fig. 2B may be attached on the upper or lower 
surface of the upper wall 42. so 
[0028] Refemng to Figs. 3A to 3C, a detailed expla- 
nation will be given of the structure of the holder 40 
used in the lens driving apparatus. Fig. 3A Is a top view 
of the holder 40. Fig. 38 is a side view when the holder 
is viewed from the direction of jitter (arrow J). Fig. 3C is 55 
a side view when the holder is viewed from the direction 
of tracking (arrow T). 

[0029] The holder 40 is formed in a square shape 



by molding high-rigidity plastic such as polycarbonate or 
LCP (liquid crystal polymer) or non-magnetic resin. The 
holder 40 includes an opening 41 centrally fbmned on 
the upper wall 42 constituting the light path of an objec- 
tive lens 48, an arm portions 42a each having a con- 
cave groove so as to protrude from both sides of the 
upper wall 42 (arrow T in the direction of tracking) and 
protrusions 42b which extend outwardly from the arm 
portions 42a and substantially in parallel to the upper 
wall 42. A pair of side walls 43 are arranged oppositely 
in the direction of tracking (an^ow T). Each of the side 
walls 43 includes, at its tip, an arm portion 43a and pro- 
trusion 43b which are arranged in parallel and oppo- 
sitely to the arm portion 42a of the upper wall 42 and a 
concave winding groove 43c wound on the outer periph- 
ery. 

[0030] The winding groove 43c of the side wall 43 
refers to a winding portion provided for the focus coil 
(shaded portion £). The depth of the winding portion is 
set so that the outermost periphery of the focus coil 44 
is in substantially parallel to the outer peripheral edge of 
the outer wall 42 in the both directions of tracking and jit- 
ter (arrow J). 

[0031] The arms 42a on both sides of the upper 
wall 42 and arms 43a of the pair of side walls 43 consti- 
tute a pair of winding portions (shaded portion (d)) for 
tracking coils 45. The depth of the groove of the winding 
portion is set so that where the tracking coil with a pre- 
determined number of turns is wound on the winding 
portion, the outermost periphery of the tracking coil 45 
is in substantially parallel to the upper wall 42 in the 
directions of focusing and tracking. 
[0032] Thus, the movable portion 50 of the lens 
driving apparatus 100 for the disk player as shown in 
Figs. 4A, 48 and 4C can be completed by winding the 
focus coil 44 and the tracking coil 45 on the winding por- 
tions of the holder 40 and fixing the objective lens In the 
holder 40. Fig. 4A is a top view of the movable portion 
50; Fig. 48 is a side view of the movable portion 50 
viewed from the direction of jitter; and Fig, 4C is a side 
view of the movable portion 50 viewed from the direction 
of tracking. 

[0033] As seen from these figures, the terminals of 
the focus coil 44 are extended out from a pair of the pro- 
trusions 43b formed on the side walls 43 of the holder 
40. The tracking coils 45 are continuously wound on the 
arms 42a and 43a fonmed on the upper wall 42 and side 
walls 43, respectively and extended out from the pair of 
protrusions 42b formed on the upper wall 42. Therefore, 
the movable portion 50 is hung by four supporting wires 
32 in such a manner that the protrusions 42b of the 
upper wall 42 and the protrusions 43b of the side walls 
43 are bonded to the four supporting wires 32 and the 
terminals of the windings are soldered to the connecting 
portions 32b of the four supporting wires 32. In this 
state, a driving current is supplied to the focus coil 44 
and the tracking coils 45. 

[0034] Now, referring to Figs. 5A, 58 and 5C, an 
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explanation will be given of the movable portion 50 of 
the lens driving apparatus for the disk player. Fig. 5A is 
a plan view of the movable portion 50 and yokes 21 pro- 
vided with magnets 20 and arranged to sandwich it from 
both sides. Fig. 5B is a schematic view of a portion of 
the magnets 20, auxiliary yokes 21a and tracking coils 
45. Fig. 5C is a schematic view showing a portion of the 
magnets 20 and focus ooil 44. In these figures, dot in a 
circle denotes the direction of a cun^nt or magnetic flux 
passing from the rear surface of paper to the front sur- 
face of paper. Crossing in the circle denotes the direc- 
tion of the current or magnetic flux passing the front 
surface of the paper to the rear surface of paper. 
[0035] Fig. 5A shows the state where the movable 
portion 50 is hung by the four supporting wires 32 cen- 
trally between the pair of yokes 21 to which the magnets 
spaced apart oppositely from each other by a pre- 
scribed magnetic gap are fixed. As seen from Fig. 5A, 
the N and S poles of the magnet 20 are located on the 
sides of the movable portion 50 and the yoke 21, 
respectively. In the vicinity of the central portion of the 
movable portion 50 where the focus coil 44 is mainly 
located, the magnetic flux, immediately after it has been 
diverged from the magnet 20, travels toward the mag- 
nets 20 (direction of jitter) to pass through the focus coil 
44, but thereafter repel each other to form a magnetic 
path in a vertical direction of the magnet 20 (direction of 
focusing). In the vicinity of the tracking coils 45, the 
magnetic flux, immediately after it has been diverged 
from the magnet 20, travels toward the magnets 20 
(direction of jitter) to pass through the tracking coils 45, 
but thereafter forms magnetic paths toward the horizon- 
tal auxiliary yokes 21a. 

[0036] Therefore, the focus coil 44 is affected by the 
magnetic field oriented from the surface of the magnet 
20 to the horizontal auxiliary yokes 21a. However, since 
it is substantially centrally located between the magnets 
20, it is dominantly affected by the magnetic field ori- 
ented toward the opposite magnets 20. On the other 
hand, the tracking coils 45 are slightly affocted by the 
magnetic field oriented toward the opposite magnets 
(direction of jitter). However, since the S-pole auxiliary 
yokes 21 a are arranged adjacently to the magnets 20, 
the tracking coils 45 are dominantly affocted by the 
magnetic field oriented from the surface of the magnets 
to the left/right auxiliary yokes 21a. 
[0037] When the driving cun-ent is supplied to the 
tracking coils 45 in the direction as illustrated in Fig. 5B, 
within the magnetic field described above, the movable 
portion 50 undergoes the driving force in the direction of 
arrow T by the Flemming's left-hand rule. When the driv- 
ing current is supplied in the direction reverse to the 
above direction, the movable portion 50 undergoes the 
driving force in the direction reverse to the direction of 
arrow T. Thus, the movable portion is driven in the direc- 
tion of tracking. 

[0038] When the driving current is supplied to the 
focus coil 44 in the direction as illustrated in Fig. 5C, the 



movable portion 50 undergoes the driving force in the 
direction of arrow F (from the rear face of paper to the 
front surface thereof) by the Flemming's left-hand njle. 
When the driving cunrent is supplied in the direction 

5 reverse to the above direction, the movable portion 50 
undergoes the driving force in the direction reverse to 
the direction of arrow F. Thus, the movable portion is 
driven in the direction of focusing. 
[0039] As described above, in the movable portion 

10 according to this embodiment, the outermost periphery 
of each of the focus coil 44 and the tracking coils 45 is 
parallel to the outer peripheral edge of the upper wall 42 
in the direction of jitter. Therefore, the movable portion 
50 can be anranged adjacentiy to the magnets 20 

15 arranged oppositely to each other. This improves the 
driving force of the magnetic circuit. 
[0040] Referring to Figs. 6A, 6B, 6C. an explanation 
will be given of the lens driving apparatus for a disk 
player according to the second embodiment of the 

20 invention. Fig. 6A is a plan view of the lens driving appa- 
ratus in which the actuator base 10 is omitted. Fig. 68 Is 
a side view of the lens driving apparatus. 
[0041] In the lens driving apparatus for a disk player 
according to this embodiment, as seen from the figures, 

25 a pair of magnets 22 for generating magnetic fields are 
fixed to a pair of yokes 23. respectively to generate a 
magnetic gap therebetween. The pair of L-shaped 
yokes 21 are oppositely arranged on and fixed to the 
actuator base (not shown) by plural screws 12 through 

30 a fixing member 11. A movable portion 80 is movably 
hung by four supporting wires 32 on a supporting base 
31 that is fixed to the actuator base. The movable por- 
tion 51 is arranged within the above magnetic gap. 
[0042] This embodiment is different from the first 

35 embodiment In the shape of a holder 60 constituting a 
movable portion and In that the focus coil and the track- 
ing coil are constructed of plate-like printed coils 70. 
The magnet 22 is divided into two parts magnetized 
wiUi multiple poles. 

40 [0043] Refemng to Figs. 7A to 7C, an explanation 
will be given of the structure of a holder 60 used in the 
lens driving apparatus. Fig. 7A is a top view of the 
holder 60. Fig. 38 

is a side view when the holder is viewed from the direc- 
45 tion of jitter (arrow J). Fig. 7C is a side view when the 
holder is viewed from the direction of tracking (arrow T). 
[0044] The holder 60 is formed in a square shape 
by resin molding. The holder 40 includes an opening 61 
centrally formed on the upper wall 62 constituting the 
50 light path of an objective lens 48. protrusions 62a pro- 
truding from both sides of the upper wail 62 (an-ow T in 
the direction of tracking). A pair of side walls 63 coupled 
with \he upper wall 62 are arranged oppositely in the 
direction of focusing (arrow F). Each of the side walls 63 
55 includes, at its tip, a protrusion 63a which is arranged in 
parallel to and oppositely to the protrusion 62a. Like the 
holder 40 in the first embodiment, the left and right side 
plates aligned in the direction of jitter are removed so 
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that the mass of the holder 60 is reduced and the natu- 
ral resonance frequency in the direction of jitter can be 
enhanced. As seen from Fig. 7C, an opening window 63 
may be made centrally in each of the side walls 63 of the 
holder 60 so that the mass of the holder 60 can be fur- 5 
ther reduced. 

[0045] In short, the holder 60 in this embodiment is 
different from the holder in. the first embodiment in that 
the holder 60 does not include the winding portions for 
winding the focus coil and the tracking coil. 
[0046] Referring to Figs. 8A and 8B, an explanation 
will be given of the structure of the plate-like printed coil 
70 constituting the movable portion 80. Fig. 8A is a top 
view of the plate-like printed coil 70 and Fig. 8B Is a side 
view of the coil 70. 

[0047] The plate-like printed coil 70 is formed by 
spirally etching the copper foil coated to the one surface 
of a planar substrate 71 of e.g. glass epoxy. The printed 
coil 70 is composed of a single focus coil 72a covered 
with a protection film on its surface and four tracking 
coils 72b. 

[0048] In view of the relative positions of the coil 71 
with the magnets 22. a focus coll 72a Is formed centrally 
on the substrate 71, and four tracking coils 72b are 
arranged on both sides of the substrate 71 apart from 

the focus coil 72a and at positions opposite to each 
other with respect to the center line (A - A line) of the 
focus coil 72a. 

[0049] The terminal of the focus coil 72a is wire- 
connected to output terminals 73a formed on the cop- 
per foil coated to the other surface of the substrate 71 by 
means of through-holes. Each of the output terminals is 
soldered to the one connecting portion 32b of the sup- 
porting wire 32 through an extending wire (not shown). 
The terminals of the four tracking coils 72b connected in 
series are wire-connected to output terminals 73b 
formed on the copper foil coated to the other surface of 
the substrate 71 by means of through-holes. Each of the 
output terminals are soldered to the other connecting 
portion 32b of the supporting wire 32 through an 
extending wire (not shown). The plate-like printed coil 
70 can be designed so that plural substrates 71 
equipped with the focus coil 72a and tracking coils 72b 
are stacked and these coils are connected by means of 
through-holes to provide a large number of turns. 
[0050] The movable portion 80 constituting the lens 
driving apparatus 200 according to the second embodi- 
ment as shown in Fig. 9 is structured so that an objec- 
tive lens is fixed within a holder 60 and the plate-like 
printed coils 70 are fixed by adhesive on both sides in 
the direction of jitter of the holder 60. I.e. area formed by 
removed left/right side plates. 
[0051] The movable portion 80 is structured so that 
the plate-like printed coils 70 are fixed on both sides in 
the direction of jitter of the holder so that the coil planes 
are in parallel to both directions of focusing and track- 
ing. The movable portion 50 is hung by four supporting 
wires 32 in such a manner that the protrusions 62b of 



the upper wall 62 and the protrusions 63b of the side 
walls 63 are bonded to the four supporting wires 32 and 
the temiinals of the windings are soldered to the con- 
necting portions 32b of the four supporting wires 32. In 
this state, a driving current is supplied to the focus coil 
72a and the tracking coils 72b. 
[0052] Refemng to Figs. 10A to IOC, an explana- 
tion will be given of the driving operation of the movable 
portion 80. 

Fig. 10A shows the relative positions of the magnet 22 
and the plate-like printed coil 70 (substrate 71). Fig, 10B 
shows the relative positions of the magnet 22 and the 
focus coil 72a formed on the substrate 71 and Fig. IOC 
shows the relative positions of the magnet 22 and track- 
ing coil 72b formed on the substrate 71. 
[0053] The magnet 22 is a rectangular member 
having two different magnetic poles of a first magnetic 
pole (N-pole) and a second magnetic pole (S-pole) In 
which they are adjacent to each other in a single mag- 
net divided into two parts magnetized with multi-poles, 
or otherwise stacked in magnets magnetized with a sin- 
gle-pole of N-pole or S-pole. 

[0054] As shown in Fig. 10A, the focus coil 72a is 
arranged across the N-pole and S-pole. Such an 
anrangement generates a driving force in the direction of 
focus. Two of four tracking coils 72b are arranged on the 
side of the N-pole of the magnet 22 so that the half of 
the inside of the tracking coils 72b in the direction of 
tracking is located within the magnetic field of the mag- 
net 22. Likewise, other two of four tracking coils 72b are 
arranged on the side of the S-pole of the magnet 22 so 
that the half of the inside of the tracking coils 72b in the 
direction of tracking is located within the magnetic field 
of the magnet 22. In such an arrangement of the track- 
ing coils 72b, only a part of the tracking coils 72b is 
affected by the magnetic field to generate the driving 
force In the direction of tracking. 
[0055] As shown in Fig. 108, since the focus coil 
72a Is arranged across the N-pole and S-pole of the 
magnet 22, when the driving current flowing from the 
paper face to this side is supplied, the movable portion 
80 undergoes the driving force in the direction of arrow 
F, i.e. direction of focusing. When the direction of the 
driving current is reversed, the movable portion 80 
undergoes the driving force in the direction opposite to 
arrow F. Further, as shown in Fig. IOC, since a pair of 
upper and lower tracking coils 72b are an^nged on the 
sides of N-pole and S-pole of the magnet 22 » respec- 
tively, when the driving cun-ent is supplied in the direc- 
tion of arrows, the movable portion 80 undergoes the 
driving force in the direction of T from the paper face to 
this side, i.e. direction of tracking. When the direction of 
the driving current is reversed, the movable portion 80 
undergoes the driving force in the direction opposite to 
the direction of T. 

[0056] As described above, the movable 80 is struc- 
tured that no winding portion is provided in the holder, 
but the plate-like printed board 70 is fixed by adhesive to 
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each of the areas where the right/left side plates aligned 
in the direction of jitter are removed. Therefore, weight 
or size of the holder 60 can be reduced and also the 
holder can be reinforced against warping or twisting. 
Further, the movable portion 80 constructed of the 
printed coils 70 can be arranged adjacently to the mag- 
net 22 so that the driving force of the magnetic circuit 
can be further improved. 

[0057] As described above, in the holders 40 ad 60 
according to the first and the second embodiment, since 
the left and right side plates of the holder are removed, 
the length of the holder in the direction of jitter can be 
shortened and the weight thereof can be also reduced. 
Thus, the movable portion can exhibit the electric char- 
acteristics as illustrated in Figs. 1 1 . 
[0058] Fig. 11 is a graph showing the electric char- 
acteristic of the movable portion 60 and 80 in the 
abscissa of frequency and in the ordinate of gain and 
phase. In the graph, dotted line denotes an amplitude 
characteristic and solid line denotes a phase character- 
istic. As shown, although there is a leading phase in the 
vicinity of 10 kHz, no phase delay occurs over about 100 
kHz. It means that the natural resonance frequency has 
been shifted to the high frequency range over 100 kHz. 
Thus, when the disk player is operated at the twice or 
four-times speed, the servo system therefor can make a 
stable operation. 

Claims 

1. A lens driving apparatus for a disk player for mova- 
bly supporting a holder with an objective lens and a 
driving coil, wherein said holder comprises an 
upper wall on which said objective lens is fixed; and 
a pair of side walls which are integral to said upper 
wall and aligned apart from each other in a direction 
of tracking, and said driving coil is wound on each 
of side edges of said pair of side walls of said 
holder. 

2. A lens driving apparatus according to claim 1 , 
wherein 

said holder is formed in a square shape, and said 
driving coil is wound on an area of a pair of sup- 
posed side walls to be aligned in a direction of jitter. 

3. A lens driving apparatus for a disk player for mova- 
bly supporting a holder with an objective lens and a 
driving coil in directions of focusing and tracking, 
wherein said holder comprises an upper wall on 
which said objective lens is fixed; and a pair of side 
walls which are integral to said upper wall and 
aligned apart from each other in a direction of track- 
ing, and said driving coil is a plate-like printed coil 
which generates driving force in the directions of 
focusing and tracking and has a coil suriace in par- 
allel to each of side edges of said pair of side walls 
of said holder in both directions of tracking and 



12 
focusing. 

4. A lens driving apparatus according to claim 3, 
wherein said holder is formed in a square shape, 

5 and said plate-like printed coil is located on an area 
of each of a pair of supposed side walls of the 
holder to be aligned in a direction of jitter. 

5. A lens driving apparatus for a disk player for mova- 
10 biy supporting a holder with an objective lens and a 

driving coil in directions of focusing and tracking, 
wherein said holder comprises an upper wall on 
which said objective lens is fixed, a pair of side 
walls which are integral to said upper wall and 
15 aligned apart from each other in a direction of track- 
ing, and a pair of arms aligned apart from each 
other in a direction of focusing and protruding from 
the holder in a direction of tracking; and 

said driving coil Is composed of a focus coil 
20 wound on the said pair of side walls and a tracking 
coil wound on the said pair of arms. 

6. A lens driving apparatus for a disk player according 
to claim 5, wherein said holder is formed in a 

25 square shape, and said focus coil provides a mag- 
netic flux in a space between said side walls. 
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